I. INTRODUCTION
Modern civilization is driven by abundant and economical energy supplies [1]- [3] . Global demand for energy in recent years has been on the rise consequence upon growing industrial development, need for diversification and population growth [4] , [5] . This is especially so for liquid fuels, and limits the rate of fuel production creating bottlenecks that often lead to crises in the energy sector. Oilpowered machines and systems are everywhere and we clearly are living in the so called oil age. However, this age is drawing to a close. Government policies regarding the energy sector shift supply and demand of energy away from its economic equilibrium. Industrial actions and government embargoes also contribute to the energy crisis. Over-consumption, obsolete infrastructure, operational difficulties at oil refineries and ports are also important factors [6] , [7] . Adverse weather conditions and other natural disasters can also contribute as will pipeline failures and other accidents. It is now common knowledge that oil and gas will become scarce and expensive because their supplies are finite and concerted efforts are being pursued for a transition to sustainable energy sources. The 2005 Hirsch report strongly recommended the need to find alternatives to phase out the use of petroleum over that time in order to avoid the serious social and economic implications which a global decline in oil production could pose. The mitigation principles include energy conservation, fuel substitution, the use of nonconventional oil, reforming energy policies to enhance energy intensity, setting up caches of secure fuel reserves and concentration on design and development of improved, energy-efficient urban infrastructure in developing nations [8] - [13] .
The problem is compounded by increasing environmental concerns accompanying the used of conventional fuels. Recently, the decision of the USA government to withdraw from the Paris agreement on global warming reduction was greeted with great concern globally. Also, the growing regional restiveness and insurgent or terrorist activities are also very significant threats that is adding to the need for urgent action. New energy systems are tending towards being small, decentralized and renewable in other to mitigate the hydra-headed challenges to generation and utilization of energy [14] - [17] .
Electricity is as important to the growth and development of any country economically and in terms of infrastructure [18] - [20] . However, in most developing countries like Nigeria, electricity shortage is currently commonplace. Its availability and use has been directly correlated with healthy economic growth [21] - [24] . In Nigeria, much lower than half of the teeming population have access to grid electricity. Of this lot, the epileptic nature and quality of the supply have given rise to a lot of frustration and even outright destruction of properties [25] - [27] . Nigeria as a nation has suffered inadequate and poor energy supply for decades both in the rural and urban societies of Nigeria and in some parts, completely inaccessible [28] - [30] . The industrial sector have been literally crippled and almost every other sector have been adversely affected. Hence the need to provide alternative energy sources which is cheaper, more efficient and easier to control. The national grid is in serious in crisis due to lack of development. The key to making a more reliable energy sector is to find and use a renewable energy resource, rather than simply relying on the country's nonrenewable resources [31] - [35] . There is consistent shortfall in the energy and power production in Nigeria despite enormous endowment of abundant primary energy resources. The diversification of the exploitation of these energy resources is an urgent imperative and such a move should be based on relative availability, economy and environmental sustainability [36] - [42] . Sadly though, much effort still goes into establishing conventional systems.
Of there more than 160 million people living in Nigeria, nearly three quarters live below the poverty line [43] , [44] . Consequently, a majority of the population is exposed to higher risks of environmental impact on their surroundings because they need the supplies [45] . In recent times, there have been cases of infrastructural vandalization and theft of oil due to consistent claims of resource control in the Niger Delta region of Nigeria this has also impacted on the supply of energy [46] , [47] . The shortfall of electricity has given rise to the proliferation of standby generators which mostly use fossil fuels with attendant environmental pollution [48] , [49] . It is estimated that more than 30% of energy is produced from such generators. Currently, however, the government's efforts to solve the energy crisis is still limited to the expansion of fossil fuel burning systems. Some opinions have it that alternative forms of energy are not used because of availability of oil in Nigeria, as it has the world's seventh largest oil reserves [50] . However, the lack of political will and a focused and relevant energy policy is probably the underlying issue.
The main energy sources in used or considered for use in Nigeria currently are natural gas, oil, hydro, solar, wind and coal. However, the energy sector heavily depends on petroleum as a method for electricity generation which has contributed to the slow development of alternative forms of energy [25] . The majority of these resources are directly linked with increasing greenhouse gas emissions [45] . Energy sources must not only be available but also sustainable [6] , [51] - [54] . Nigeria needs to invest in sustainable resources because of the obvious signs that it will be strongly impacted by environmental changes such as desertification, droughts, flooding, and water shortages [55] , [56] . Particularly, the low lying areas where many of the natural resources are found is in danger of flooding from the prediction of rise in ocean levels [57] .
Hydroelectricity is the most widely used form of renewable energy, accounting for more than 16% of global electricity generation as for back 2010, and is expectedly increasing in the last few years as has been predicted [58] - [63] . The cost of hydroelectricity is relatively low, making it a competitive source of renewable electricity, with an average cost of electricity from a hydro station larger than 10 MW being around 5 U.S. cents per kWh. It is also a very flexible in adapting to changing energy demands. Once a hydroelectric complex is constructed, the project produces no direct waste, and has a considerably lower output level of the greenhouse gas carbon dioxide (CO2) than fossil fuel powered energy plants [64] - [73] . However, conventional hydropower systems have some shortcomings, especially the larger ones. Damming interrupts the flow of rivers and harm local ecosystems. There is also the threat to aquatic life and damage to turbine blading as a result of silt formation [74] . Also, building large dams and reservoirs usually involves displacing people and wildlife. Further development of hydroelectricity does not seem practical because of the dependence on the seasons for amount of water supply with prevailing weather change inconsistencies [75] - [77] .
Nigeria is the biggest hydropower producer in the Economic Community of West African States (ECOWAS). However, the country's electricity sector is unable to meet the increasing demand for electricity. Currently, a very small percentage of the installed capacity of about 8,900 MW is available on the national power grid with majority of the population having no access to electricity [78] - [80] . This is more evident in the rural areas. At the same time, neither industry nor householders are sufficiently aware of the importance of using energy efficiently. In order to address the challenges in the electricity sector, the Nigerian Government has initiated various reforms. The Electric Power Sector Reform Act (2005), among others started the process of privatizing the sector [57] . Yet, reforms designed to promote renewable energy sources, energy efficiency and rural electrification have only recently started to be introduced and implemented. The concentration of Government efforts with regards to hydropower appears to favor the small hydro systems. Little is done towards deliberately establishing micro and Pico hydro systems which have the advantage of reaching topographies that are inconvenient for siting grid connected electricity [63] , [81] .
Pico hydro is hydroelectric power generation of under or up to 5 kW [82] - [85] . It is useful in small, remote communities that require only a small amount of electricity, say, to power one or two fluorescent light bulbs and a TV or radio in 50 or so homes. Even smaller turbines of 200-300 W may power a single home in a developing country with a drop of only 1 meter [86] - [89] . Pico hydro setups typically are runof-stream, meaning that dams are not used, but rather pipes divert some of the flow, drop this down a gradient, and through the turbine before being exhausted back to the stream [90] - [96] . Like other hydroelectric and renewable source power generation, pollution and consumption of fossil fuels is reduced, though there is still typically an environmental cost to the manufacture of the generator and distribution methods [97] - [103] .
The instability and insufficiency of power supply from the national grid in Nigeria has made it necessary to seek to for alternative and/or complementary energy sources without adversely affecting the environment. Pico hydro systems are smaller, more efficient and environmentally friendly, with various benefits such as reliability, simplicity, less maintenance and low operating expenses [104] - [106] . It generally has numerous social and environmental benefits. The present development has the potential of harnessing all these factors while giving control to the end user in order to minimize exposure to sabotage as well as bringing the benefits of hydropower to locations without natural water sources for conventional schemes and in topographies where grid distribution is not possible. The motivation behind this work is the need for an efficient, sustainable, economical, renewable and controllable yet simple source of energy for Nigeria which can be assessed by both those having low standard of living, rural communities and urban communities and give rise to a better energy supply and improve economic growth. Specifically, this work is aimed at investigating the effect of laterally twisting the flat blades of the turbine runners of a simple Pico Hydro system currently undergoing development [107] - [109] . Each runner had twelve (12) blades and the penstock area reduced within the last 1 meter of its length in order to improve its performance and provide additional data in this area of study [108] .
II. MATERIALS AND METHODS
The system consisted of overhead reservoir linked to a locally fabricated turbine through a PVC pipe. The turbine is connected to an underground reservoir via a PVC pipe with a pump lifting water back to the overhead reservoir to maintain a continuous cycle. The general principle and set up was based on previous aspects of the work carried out by [109] .
The 6 runners were fabricated using the general approach adopted by [107] and [109] having 12 flat blades each welded to the periphery of the hub. The flat blades were welded with twist angles varying from 30° to 90° with an interval of 15°. Fig. 1 shows all the six runners with the flat blades twisted laterally by varying angles. Mild steel was used for the entire tank, blade, and runner construction. It was selected because of its relative availability, lower cost and weldability. The turbine assembly was carried out using the same method adopted by [110] . The assembled turbine is shown in fig. 2 . The 1 st and 2 nd penstock configurations were obtained by carrying out area reduction from 3 to 2½ to 2 inches (2 stages) and 3 to 2½ inches (1 stage). These are shown in Fig.  3 . The effective height of the penstock was approximately 7.00 m.
The experimental set up for this study consists of a 1 Hp, 50 l/min pump and a locally fabricated turbine connected in a closed loop with the help of PVC piping as penstock, a 1900 liters overhead reservoir and a 3000 liters underground reservoir. Water is lifted by the pump from the underground reservoir to the overhead tank to create a head. The water is then released from the overhead tank through the penstock and terminating in a tapered nozzle. The flow through the turbine is regulated using two gate valves installed before entry to the penstock and just before the inlet of the turbine. The water jet strikes the turbine blades, thus transferring its kinetic energy to the shaft causing the rotary motion of the hub and the shaft assembly. Fig. 4 shows the initial checking of the water jet interaction with the blades of one of the runners. A 300 mm diameter pulley is connected to the turbine shaft and transmits power to a 50 mm diameter pulley on the alternator via a toothed v belt drive in a step up ratio of 1:6, causing the rotary motion of the alternator shaft, thereby generating voltage. The water in the turbine casing is discharged through an outlet port into the underground reservoir from where it is re-cycled to the overhead tank by the pump. A DT-2858 Contact Type Digital tachometer was used to measure parameters of speed of alternator and turbine respectively for each blade angle. Fig. 5 shows a picture of the set up for the study. During the experiment the water levels in the two reservoirs before and after each test were continually monitored with a calibrated dip stick and the time taken also measured. The difference in water level for the underground reservoir was used to compute the flow rate. The water level in the overhead tank before the flow is used in computing the gross head.
The total length and diameters of the penstock, the geometry of the penstock was also taken and used to compute the major and minor losses. The flow rate and net head product (QHn), and power generated were computed with Hn being determined by summing the hydraulic losses and deducting from the gross head. The same procedure was repeated for all the runners from 30° to 90°. The figure clearly shows that the values of speed produced when the first configuration was used were relatively higher than the corresponding values when the 2 nd configuration of penstock was used. This indicates that the power generated by the system when the 1 st configuration was used was higher as confirmed by the plot in fig. 7 . For both configurations the maximum alternator shaft speeds were above 1800 rpm for the twist angle of 90° which was the largest angle used. This is so because further increment in the angle will result in a decreased performance in the reversed order as for the lower angles. The maximum values coinciding with the twist angle of 90° is obviously because the surface area of the blade available for the impact of the water jet was the maximum implying that further increase would have progressively reduced the impact area.
The water jet produced by the first configuration had higher kinetic energy and was probably more focused on the surface of the turbine blades, thereby producing a higher torque on the shaft. This agrees with conventional turbine practice [111] - [125] . The maximum power obtained from the study coinciding with the 90° twist angle were 3636 and 2422 W respectively for penstock configurations 1 and 2 respectively. Also, both figures shows that the speed and consequently, the power steadily increases with increase in the lateral twist angle of the blades. However, an interesting behavior was observed for the range of twist angle of 60°≤ ≤ 90°. The rate of increase of the alternator shaft speed reduced for the 1 st configuration within this range while that for the 2 nd one increased steadily with both peaking in the region of 1800 rpm. The tendency was however, reversed for the configurations for the power plots in fig. 2 within the same range of twist angles. This shows that for the present stage of this work the range of twist angle of 60°≤ ≤ 90° in conjunction with the 2 stages penstock area reduction favor the generation of power. It is however envisaged that continuous penstock area reduction may not necessarily result in favorable power generation beyond a limiting area reduction ratio depending on the initial pipe diameter used. As have been already reported for some aspects of the work, the system can be further scaled up to accommodate flat blades in this range of twist angles thereby enhancing power production while maintaining the simplicity of the blade design [104] , [126] , [127] . This comes in very useful in the progressive development of the system for implementation for end user application. Fig. 8 and 9 show the plots of power against the product of flow rate and net head QHn for configurations 1 and 2 respectively in an attempt to relate these parameters as they are related in the equation of the hydraulic power given by ℎ = [67] , [78] , [128] , [129] . Since is reasonably constant, the plots to a large extent confirm the conventional facts that the power depends directly on the flow Configuration rate and the available head. Conventionally, the major aspects of the feasibility studies for siting a hydropower system involves the determination of the flow rate and available head. Hence, the plots can be used to provide useful guide for further developments of the system in attempting to upgrade it to the final status for end user application. 
IV. CONCLUSION
This work presents an attempt to further study some basic aspects of a system undergoing development towards power generation taking advantage of very simple flat blade configuration and area reduction of the penstock. The results of this study show that 1. The maximum turbine and alternator rotational speeds were achieved with the 2-stage area reduction penstock and 90 o lateral twist angle of the blades, translating to the maximum power output. 2. The output power for both penstock configurations were maximum for the 900 blade twist. 3. The range of twist angles of 60°≤ ≤ 90° is most suitable for the operation of the system with flat blades and this gives a good guide and much promise for further development of the system. 4. The plots of power against the flow rate and net head product will contribute immensely towards scaling the system for end user applications. Further improvement of the system to maximize these results and enhance the acceptability of the system in the Nigerian energy supply mix will include:
1. Creation of general awareness and technical understanding of the system at the local and regional levels so that it can be added to rural electrification efforts. 2. The incorporation of adjustable nozzle diaphragm in the system to enable the variation of the angle of attack or provision of guide vanes within the design.
3. The use of lighter metals such as aluminum in fabricating the runners and blades as heavier meals like mild steel adds to the inertia and thus decrease turbine performance without adversely affecting the cost. 4. The use of larger diameter pipes and/or large or multiple reservoirs. 5. Utilization of the pump as a turbine option and/or applying hybridization with solar or wind or both depending on the location in Nigeria. 
